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IMMUNO-SinMTlL^l Q RY MONOCLONAL AN TIBQBIE 



FIELD OF THE INVENTION 

The present invention is generally in the field of immunotherapy 
and more specifically concerns monoclonal antibodies useful within the 
framework of such a therapy for a variety of indications, e.g., in the 
5 treatment of cancer. 
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pertinent for the subsequent description: 

10 

1 Clark, E.A., and Ledbetter, J.A., Amplification of the immune response 
by agonistic antibodies, Imunoi, Today, 7:267-270, 1986. 

2. Meuer, S.C., Huspey, R.E., Cantrell, D.A., Hodgdon, J.C. Schlornman 
15 SF., Smith, K.A. and Reinberg, E.L., Triggering of the T3-T1 

antigen-receptor complex results in clonal T cell proliferation through 
an interleukin-2 dependent autocrine pathway, Proc. Natl. Acad. Sci. 
(USA), 31:1509-1513, 1984. 

20 3 Van Wauve, J.P., De Mey, J.R., and Gooser, J.G., OKT3: a 

monoclonal anti-human T lymphocyte antibody and potent autogenic 
properties, J. Immunol, 124:2708-2713, 1980. 

4 Jung, G., Martin, D.E., and Muller-Eberhard, J.H., Induction of 
->5 cytotoxicitv in human peripheral blood mononuclear cells by 

monoclonal antibody OKT3, J. Immunol., 139:639-644, 1987. 




st Available Copy 




- 2 - 



5. 



Van Lier, R., Blocrnena E.. *»^^ 

I and II of CD2 antigen, Immunology. $2-333 338, lysv. 

. n it t> Hirsch R., Schreiber, H. and Bluestone, J.A., In vivo 
E^lcnhorn J.D., Hirscn k ma i ign ant progresses tumor 

administration of an ami <~uj _j« _ _ ^ ? 7 , logo 
growth, Science (Washington DC), 242.569-o71, uw. 

Gallinger, S., Hoskins. D.W., Mullen, J.B.M.. Wong AUC and 
p I ! T r Comparison of cellular immunotherapy and ann-CD3 n 
the trcatmciJ ot MCA-38-LD "P^'^ »— ~ " 
C57BU6 mice, Cancer Jtes., 50:2476-2480, 1JJV. 

andSn proliferation response, of activated T ceils., J- Inununol, 
135:2531-2336, 1985. 

Augugharo, R., Bottmo, C... ^ccon , , CD69 monocl0 nal 

S2S ^ ^d effecto, 

" fwith the 8 exception o/cytolytic T ly m P hocytc cxpressmg T cell 
receptor a0. /• Med., 174:1393-1398, 1991. 

m Van T ier R A Brouwcr, M., and Aarden, L.A., Signals involved in 
10 - aclivatt T cell roliferation induced through the S ynerg,snc 

action of anti-CD28 and anti-CD2 monoclonal antibodies. Eur. J. 

Immunol, 13:167-172, 1988. 

n Jenkins M K Taylor, P.S., Norton, S.D.. and Urdahl, K.B. CD28 
U ' deters' Stimulatory signal involved ^V^^™ 
production by human T cells, J. Immunol, 141.2461-2466, 1991. 

m Townsend SE, and Allison, J.P., Tumor rejection after direct 
l% ISuLtion'of CD8 + T cells by BT'transfected melanoma cells, 
Science (Washington DC), 259:368-370, 1993. 
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The acknowledgement herein of any of the above references is to 
allow the reader to gain appreciation of the prior art. The adjudgement 
should, however, not be construed as an indication that these references are 
in any way relevant to the issue of patentability of the invention as defined 

in the appended claims. 

Acknowledgement of the above references will be made by 

indicating the number from the above list. 

BACKGROUND OF THE INVENTION 

Cancer in its different forms is a major cause of death in humans. 
One-third of all individuals in the United States develop cancer and 20% die 

from cancer (494,000 in 1988). 

The most widely used therapeutic treatments of cancer are 
surgery radiation and chemotherapy. In recent years, another therapeutic 
treatment based on use of biological response modifiers (BRM) has also 
been proposed. The BRMs used include mainly cytokines (e.g., Interleukin- 
2 (IL-2) and Interferon-a (INF- a)), activated mononuclear cells (e.g., 
lymphokine activated killer cells (LAK)) and antibodies. The BRMs act 
both directly on tumors and indirectly by enhancing non-specific or specific 
20 immunological and cytotoxic mechanisms. 

To date, no substantial clinical success has been obtained using 
BRMs, mainly due to their toxicity and side effects. Active immunization 
against tumor cancer has also been proposed but found ineffective. 
Furthermore, several monoclonal antibodies (mAbs) were evaluated for use 
25 in diagnosis and therapy of cancer but no mAb has yet proven to be 
effective within a standard therapeutic procedure in cancer patients. 

Various mAbs capable of binding to determinants on the surface 
of T cells have been found to induce proliferation, activation or differentia- 
tion of these cells». Binding of mAbs directed against the CD3/TCR 
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antigen on T cel.* as well as binding of both above Kinds of an.-bod.es to 
T cells have been demons.ra.ed to bring about T cell proliferate, IL-2 
receptor expression and 1L-2 production in T cells resulting in the 
enhancement of the cytolytic process in these ce.ls. The anti CD3 mAb was 
shown to initiate an anti tumor activity in vivo in an animal model . 

various other mAbs directed against T-lymphocyte antigens have 
also been reported which, after binding to the cells, cause their activation 
such as mAbs directed against CDS'", against CD69» and aga.ns. 
CD^8«»'»> Anti-CD28 mAbs were reported to have decreased the rate of 
growth of a murine melanoma although they were no. successful in 
completely eliminating the tumors in the mice' 12 '. 

A mAb directed against a human B lymphoblastoid cell line 
termed •DwM' was show., to stimulate murine lymphocytes and human 
15 peripheral T cells 11 ". 

GENERAL DESCRIPTION OF THE INVENTION 

The present invention provides, by a first of its aspects, a 
monoclonal immuno-s.imulatory antibody, which binds to B lymphoblastoid 
20 cells and induces proliferation and activation of peripheral blood lympho- 
cvtes, the monoclonal antibody being characterized in that when injected 
into a tumor-bearing animal, it elicits an anti-tumor effect. 

An anti-tumor effect is a biological effect which can be 
manifested by a decrease in tumor size, a decrease in the number of 
25 metastases, an increase in life expectancy, or amelioration of vanous 
physiological symptoms associated with the cancerous condition. An antt- 
tumor effect can also be manifested by the ability of the mAb in prevention 
of the occurrence of tumor in the firs, place. Given its ptoperties, the mAb 
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ot ,he invent can be used bo.h in -he — of acu.e cancer as we,l 

as in cancer prophylaxis. „ Ms m.ed bv 

T„ e monoclonal anybodies of .he inven,,on can be ob.au ed by 

to immunizing an anima, with an immunogen, being B ^o 
cells lysed B lymphobias.oid cells or membrane prepares .hereof. 
Folding immun.za.ion and .he develop™*, of an immune reacuon .n .he 
imrml „ized animal,, B-lymphcc,.es are wi.hd.awn from .he amma,. ™ 
„ grown and selec.ed for such wi.h secre.c anybodies wh.ch b.n <o .h 
immunogen. The seletfed mAbs are ,hen subbed ,o a further — 
su ch capable of inducing prolifera.ion and ac.iva.ion of penphera, blood 

lymphocy.es. ^ ^ ^ ^ ^ ^ ^ .^.^ ^ 

S eiec,ed as above, are .hen subjec.ed ,o a s.ill fur.her selecdon for such 
capable o, elici.ing an an.i-.umor effec, !n order .o selec. such an— 
lyp ica,,y an animal model of cancer can be used. A, .imes .he effec. m y 
I be .es,ed in various in *ro models. Such a mode, may. for examp 
be any iabora.ory anima, in which cancer has been induced. Specfical 
r elevan,, par,icu,arly for choosing a mouse for .herapeu.ic use ,n human 
„e models allowed ,o develop human-origina.ed .umors. Examples 
3 animal models of .he laner .ype are immuno compromised m.ce, e.g a 
SC1D mouse or a nude mouse which have been injec.cd or implan.ed w„h 
tumor cells or .issue ob.ained from human cancer pa.ien.s. In such 
S elec.io„, .he abili.y of ,he mAb .o reduce .he u.mor size, increase sumval 
, ta e, e,c, is de.crmined as compared <o con.rol (a similar .umor-beanng 
25 animal no, uea.ed wi,h ,he mAb or .rea.ed wi.h a non re.evan. mAb). 

The selecion may also involve .es,ing in an appropna.e model, 
of .he mAb's abili.y in preven.ing .he occurrence of cancer. For example, 
animals having a gene.ic predisposi.ion for developing cancer may be 
injeced wi.h .he mAb and .hen ,he .umor incidence and ,he sumval » .he 
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B ,oup treated with the mAb can be compared to a control group, olhcrw.se 
L.ed and maintained in .he same manner. Rather than us.ng ammals 
having a genetic predisposition, the abiii.y of the mAb to prevent cancer can 
oe tested in various other animals treated with the mAb pnor .0 experrmen- 
5 ,al administration of malignant cells in the animal. 

In order to achieve such an anti-tumor eftect, the subject has to 
be administered with an effective amount of the mAb of the invention. The 
term "effect amount" should be understood as meaning an amount of a 
roAb required to achieve a therapeutic effect. The effective amount reared 
10 to achieve the therapeutic end result may depend on a number of factors 
including, for example, the tumor type and the seventy o, the patren, 
condition (i.e. the cancerous state), and whether the mAb is co-adm.ms ered 
together with another agent which acts together with the mAb in an addluve 
or synergistic manner (regarding such co-.dministr.tion, see below). 

The obtaining of an immortalized cell line secreting mAbs of the 
invention can be performed by a number of means known per «. such as 
bv fusion with an immortalized cell line to yield a hybridoma; by EBV 
^formation; by genetically engineering a ceil line, e.g. a CHO cell hne, 
which can be achieved by a variety of means knownper «; etc. In general, 
20 .he manner of obtaining immortalized monoclonal antibody secreting cell 

^r-.riurf- known to the artisan and the description 
lines is today a routine procedure Known 10 mc <u 

thereof goes beyond the present writing. 

Typically, where the mAb is intended for treatment in a human, 
the immunogen will be of a human origin. However, at times there is an 
25 inter-spedes cross reactivity and it is also possible, occasionally, to use in 
humans mAbs obtained following immunization with a non-human denved 
immunogen, as the e.g., primate derived. 

The antibodies of the invention should be understood as 
encompassing monoclonal antibodies, which may be IgG or IgM antibodies, 
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may be Fab fragments o£ such antibodies, F(ab'), fragments, single ehain 
antibodies, and the like. In addition, antibodies derived from a non-human 
' origin, e.g. murine, may be "t-W" by various genetic engineenng 
means (a TWmmfctf" antibody is an antibody in which major portions have 
5 been replaced with portions of a human origin). 

Antibodies in accordance with the invention, while bemg useful 
{0I a variety of therapeutic indications, are used, in accordance wt.h a 
preferred embodiment of the invention, for the treatment of cancer. It has 
been found that a monoclonal antibody in accordance with the invention » 
10 active in reducing tumorigenicity of a variety of tumors. 

A representative hybridom. cell line in accordance wtth the 
present invention was deposited a, the Collection Na.ionale de Cultures de 
Microorganismes (CNCM), Institute pasteur, 25, Rue du Docteur Rous, 
75724 Paris, Cede. 15, under Deposit Accession No. 1-1397. on Janu- 
13 arv ■>% 1994. The cells of this line are referred to herein a. times as 
"BAT-1 cells", and the respective monoclonal antibody is referred to herem 

at times as "BAT-1 mAb". 

Use of a monoclonal antibody having the characteristics of the 

BAT-1 mAb, specifically the BAT-1 mAb itself, is a preferred embodiment 

20 of the invention. m 

The BAT-1 monoclonal antibody was selected on the basis of its 

binding to cells of the Daudi human B lymphoblastic! line. The BAT-1 
mAb was found to bind to a proteinaceous substance (termed below as 
»BAT~1 bindin g protein") having an apparent molecular weight of 48-50K 

25 Daltons, as determined by SDS-PAGE. 

The BAT-1 binding protein forms another aspect of the present 
invention The BAT-1 binding protein may be isolated, by various means 
known per se by using the mAbs of the invention. The BAT-1 binding 
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protein may then be used for immunization of animals from which mAbs of 

the invention may then be derived. 

The present invention also provides a pharmaceutical composition 
comprising, as an active ingredient, an effective amount of an mAb of the . 
5 invention, and a physiologically acceptable carrier. 

A further aspect of the invention is a method of treatment of a 
disease or disorder, particularly cancer, comprising administering to a subject 
in need an effective amount of the inventive mAb. The administration of the 
mAb is typically by means of parenteral administration, e.g., intravenously 
10 (i.v.) intraperitoneal (i.p.) or intramuscularly (i.m.). The carrier for 
administration may be any one of such known/,*- *e. e.g., a saline solution 
or anv other suitable physiological solution. 

The mAb of the invention was found, as already noted above, to 
be active in reducing tumorigenicity of a variety of tumors. The efficacy of 
15 the mAb of the invention in reducing tumorigenicity is correlated with ,ts 
abililv to induce cytotoxic activity of lymphocytes. In order to boost up this 
activity, it is at times advantageous to administer the mAb of the invention 
together with other agents which can act in an additive or synergistic manner 
with the mAb. Examples include various cytokines such as IL-1 
20 (lnterleuken-1). IL-2. IL-6 and IFN-cz (Interferon-a). 

The mAb of the invention may be useful in the therapy of a • 
varietv of diseases other than cancer where activation or other effects of the 
mAb on the immune system's cytotoxic activity may have a therapeutic 
effect, such as. for example, in early stages of HIV infection (the causative 
25 virus of acquired immuno deficiency - AIDS), in various autoimmune 
disorders, or in some cases of genetic or acquired immune deficiencies. 

In the treatment of cancer the antibody may be administered 
either following detection of primary or secondary tumors in the subject or, 
in preventive therapies of subject having a high risk of developing cancers. 
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s „ch as a- individua! «P— » radia,ion or such havmg a gene.,c 

J*d individual which have no. ye. developed any symptoms o£ 
d tL or in individual a, early s,a g es of .he HIV infedon process. 
s ,» ,he fol-owing, *e inven.ion wiU be iilustra.ed by var.ous 

evamp.es doc*** «P« "ra.ing ,he an.i-cancer ,herapeu»c 
ac.ivUy. I. shou.d. however, be underwood ,ha. .Ms is mean, for .IV—, 
purposes only and is no. .o be considered limi.mg. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig .7sto"IC cyromeuy ana.ysis of binding of BAT monoclonal 
antibodies (mAbs) .0 human pu.if.ed T-lymphocy.es. Binding of .he BAT 
antibodies *as assessed by a second an.ibody carrying a fluorescent marker, 

FlTC-goat anti-mouse antibody. 
15 Fig. background reading without BAT antibody; 

Fig. ib*- anti-CD3 antibody; 
If ^ 

Fig.£& - BAT-1; 




f lK * cvtomctry analysis of human peripheral blood 

monocytes (PBM) (left plate) and of Jurkat T colls (right plate) double 
lab cled with primary antibody being either a BAT mAb or an anU CD3 
mA b and a second #TC conjugated anti-mouse IgG anUbody. 
25 Fig. 2& - ungated cells; 

Fig. 2A$6 - PBM cells treated with BAT mAb; 

- PBM cells treated with anti-CD3 mAb; 
Fi >£^- _ j U rkat T cells treated with BAT mAb; 
Fig^ZfctsS? - Jurkat T cells treated with anti-CD3; 
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gateci ecus, 

£j| - PBM cells gated to small (Rl) and large cells (R2); 



Fig. 2TEfUy 

Fig. ?&®zS 

Fig. ~S 



Fig'^eT- ( R2 ) cells trcated With anli " CD3 * 
Fig. cytometry analysis of surface expression of BAT , 

r • nH CDS on human PBM double labeled with 
binding protein and CD3 on num 

FITC-conju*ated BAT mAb and PE-conjugated anti_CD3. 

m Fie. A- ungated cells; ■ 

Fig. Becton-Dickinson simultest control, used as a negauve 



control; -y p 

Fig. - PE-anti-CD3 alone; 

Fie FITC-BAT mAb alone; 

1S Fig.^ - Double labelling wUh bo,h F1TC-BAT mAb and 

PE- anti-CD^ arrtibgdy; 



Fig '^T'- Gated cells; 

Fie. 3$T- PBM cell. g»ie<l to small (Rl) and large cells (R2); 



Fie I'cm ceub ^<i^u vu v— , 

Fig. jaSd - (Ri) «» ls double ,abelccl wi,h FITC - BAT mAb m 



20 ^'^P® - K2) ceus double labeled v,i,h FITC-BAT mAb and 

PE-anti CD3. oat-1 
Fig. 4 shows Western Blot analysis of the bindmg of BAT 



25 



antibodies to different lysates of Daudi cells. 

Fig. *$T- lys^es from Daudi cells (untreated); 
Fig 46$- lysates treated with neuraminidase (0.2 u/ml); 
Fig. 4&- lysates treated with neuraminidase (0.4 u/ml); 
Fig. 4^- lysates treated with Endo Hf (100 u/jig). 
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pj„ 5 „ . „W representation of resuHs of ^Thymidine 

, in JL cultured for si* days in the presence <* «««— « 
incorporation in cells cuiwrca 

„ed as target ceils. Effector to targe, ratio was 20:1. Control (-0 , 
BAT-1 (- • BAT-2 (- X -) BAT-3 (- - -)■ 

Fig . 7 shows lungs from C57BL mice inoculated with B-16 melanorr . 
ce „s: ■ Upper row shows .ungs of mice inocuUtcd with ee ls only 24 d a - 

cdh as above foilowed 14 days later by l.V. injectton of 10 n f BAT 
mAbs 24 days after inoculation. 
; Fig . 8 i a graphical representation of a — of expenments of the 

kind 1 in Pi, 7, showing the number of metastasis in lungs of «« 
I ch were inoculated with tumor cells being either B-16 melanoma cell, 
Le wi S lun g carcinoma cells or MCA 105 fibrosarcoma cells, — 

I notation The results summarize 3-4 experiments earned out with 
after inoculation. 

> 0 each kind of tumor. Mice untreated (-) or treated (+) 

, x 9 weeks after tumor administration. Metastasis (•). no 

(10 ^g/mouse) 2 weeks anci wm« 

mCU t- S Hhows ,ungs from mice inocu.atcd with 3 LL Lewis lung 
carcinoma cells. Similarly as in Fig. 7, the upper row shows ta g to— 
25 wHh tumor eells only and ,he ,ower row shows ,ungs of mtce moculatcd 
I V 14 days later with 10 m of BAT-1 mAbs. 

' Flg. 10 shows a similar experiment as that shown to Fig. 9 where the 
tumor eells are MCA 105 fibroblastoma cells. 
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MATERIALS AND METHODS 

Paction of monoclonal -bodies ^ ^ 

BALB/c mice were immunized wnn m 
• „ Membranes from Daudi cells were prepared by the glycerol 
Daudi cells. Membranes from an d Jamieson, GA, 

load-hypotonic shock method (Jett, M.. Seed, T.M., 
^ «m . 252:2134, (1977)). 50-80*1* cells suspended n PBS and 
/. Biol w»wm.i ft it;rpTnl After 5 mms. 

incubated a. were dually ioaded wnh 30% glyc rol. At 

u '.■ m ice they were centrifuged and resuspended m cold Tns lysa.e 
incubatton on rce, .hey wei * . pH , 4) 

buffer (containing 10 mM Tr, S -HC , mM MgC ^ 
roiX cd for 5 mms. a, 4-C and centnfug «d a, 700 g_ P 
t£m oved and centred ., 3300 g (10 mms. 4 Q J = P «c 

•„ ,^ the two supernatant* containing membrane fraction m P 
agam and the wo p cnn ,,sif.ed with 260 fii of 

260 M of membrane prepara.ron (3 ng/ml) 

C0 mp,e,e Freund adjuvant and injected , £^ ^ ^ ^ 
; W er the sp.eens of mice were remove, pic ^ 

MS-0 at a ratio of 1U.J.. maiwu r 
mvcloma cell line u ai « me dj a 

,i n«rl the hvbridomas were grown in selective mecua 
polyethylene glycol and the nyor.au r Nature 

v . wi . •„ rvnhiftr G and Milstein, C, nature, 

according to Kohler and Mil««n (Kohlcr. O., 

(London) 256:495, (1975)). 

A cell bound enzyme linked immunosorbent assay (EL1SA) - 

. r n„, crowine hybridomas (Glassy, MX. and 
used to screen supernatants from growing nyor v 

, R i.ii5n985))whichbindtoD a udicells. 
<Snfh CD J. Immunol Method, §1 n:> u' OJ " 

,,-inis were then further selected by the* ability 
Positive hybridoma supernatants were the, , 

to induce proliferation of human PBM using [ HlTh> imdin P 

cKrioned bv limited dilution, repeatedly tested, 
25 Positive clones were subcloned by nmi 

cxpanded :r:::;:-:::- — by ». 

s u,fa,e predion, fo.iowed by e.ensive diesis against PBS. Further 
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anii-mouse antibody columns. 

Culture medium supplemented 

AU cells were suspended m *?M1 16 mine 

re ro Na-ovruvate (1.1 mg/mij, ^ b 

- s — — — 



tional units). 



5 



20 



CeU preparations mo „ omldeM cells (PBM) were obtained 

Human penphera! b.ood « nl[if „ B a.ion 

ftom hcaWl y adult l^onocytesbysephade^O 

^.opacuc, ^;^ a[aied by P SRBC rosellin5 method. Depletion 

columns. T cells were sep iroroun omagnet,c 

CD3 positive and U»» posmvc cells was per ^ 

o«f vftM incubated for 3-6 days wim 
,echni,ue. Cultur o r^M ^ ^ „ 

erther CD3 or Leur, >. Maanetic beads coated with 

m «Uum and incubated for one hour a, C « 

cytotoxic activity and stained by now cytometry. 

Cytotoxicity assay QS tft t ceUs 

Cytotoxicity assays were done as follows. 
V 000 «Q of "Cr-chromate for 1 hour in serum free 
were mixed w*h 200 ^ ^ ^ ^ 

medium. They were washed three times 
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, t . i, ( in* cells per well. Effector 
wi m RPMl-10% FCS and plated at 10 cells p 
resuspended m Kr™ 1 iu „ nTma i peripheral blood 

- the cells were washed - «- * 
IgG or w.th 1L - P" 1% TiypM bluc , mixetl with 

KPM! medium. ^ ^ ^ ; „ 10und boltoro microliter pLtes 
taIg e. cells a, vanous effecto ^ 
and incubated for 3 hours . 37 ^ » isolope 
were harvest and counted m a fl scm..l ^ 
rel ease (MR) >s produced by *>^««°^ o£ lhe targels with 

Spontaneous release C*> * « * *> ^ „ calcu)atea by 

Percentage of cell ly^ 



medium alone. 
SR/MR 



15 



20 



JBM cells (4.10«/mV) were cultured for 6 days P 

« ,h e cells we.e washed three times and were depleted 
BAT mAb, Thereafter the cells we ^ ^ 

o£ CD 3 and Leu 19 ceUs by magn « 
and tested for cytotoxicity against K562 and o 

Flow cytometry cytometry using a 

Cell surface antigens were detected oy > 

cells were stained by sequenua ^ 

u rni iL-* 7 receptor, or the m/\b bai 
murine mAb to human CD3, 1L P nd 

, ^ ciTr-coniu^ated goat anti-mouse F(ab ) 2 was useo a 

produced. F1TC B Each incubation was carried in PBS pH 

antibody in this indirect stranung. Each mcu ^ 

• • RSA and 0.5% Na-azide for 30 nuns. 

7.4 containing 1% BSA ^ were 

followed by three washings with the same buffer. 



analyzed. 



- 15 - 



10 



rnATmAl! bindine dcterminant(s) 

,t n „ e usins Western Blot technique. 
ly mphoo,as,oid ce« lys,e, « e u» S ^ ^ 

Brief*, SOtl* CUM - P -« » ™ ^ ^ 

^ in the ni.rcceiMose b « - ^ ^ 

BAT mAb for 2 hours a. room temper, re, t ^ ^ 

- ^"^^ — ,er= — * 

(Fab'),- The cells were then nnsed an 



0-dianizidine substrate. 



15 Mouse tumor models me lanoma, Lewis 

Three mouse tumor models were usee 

Mil and methylcholanthrctte induced fibrosarcoma 

!ung carcnoma C3LL) and m ^ ^ 

(MCA 105). ^^^JTS-'O.^ 

of age , ™ weefcs 1 <er. BAT ^ _ 

20 10 days later mice were sacniiceu 



counted. 
EXAMPLES 

25 Example 1 

a . Tforijn p cha racteristics 



ne^cnaj^crcrisiii^ q 



1 
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Ivmphocytes proliferation. The iso.ypes of BAT mAbs were dimmed by 
both EL1SA and Och.erlony assays. BAT 1,2,3,6,7 and 9 were found ,o be 
of IgOl c.ass whereas BAT 4 and 5 wee of .he IgM class. BAT 8 was 

IgG2a. 

Binding of the above Mabs to purified peripheral human T cells 
was analyzed by FACS analysis using indirect immunofluorescence staining. 
Fig *$rToLWs FACS analysis of such an experiment. As can be seen, 
BAT mAbs bind to peripheral blood CD3 + T cells. The extent of binding 
varied from BAT-2 44% BAT-5 38%, BAT-1 32% to a somewhat weaker 
binding of BAT-4 (13%). Purified peripheral blood B lymphocytes from 
the same blood donors, did not bind these mAbs (data not shown). 



b. 



hp* 



ft 




15 



20 



25 



30 



mini ng ui or>.-^ •'"'rA: A -i~r , _._ , 

aTI^i in Fig. ^rtheTFACS analysis showed that BAT-1 
binds CD3 + human PBM as well as cells of the Jurkat T-cell line. The 
finding that BAT-1 binds to CD3 + PBM cells was even^fur^corroborated 
using FACS analysis of double labeled cells (Fig.$. 

AS seen in Table 1 below, BAT-1. in addition^ its binding to 
CD3 bearing cells, binds also to Leu 19/NK cells. 



Table 1 

Binding of BAT-1 mAb to human lymphoid subpopulations 
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r BindineofBAT_jn^^ . 

c - - * ^ • . „\\ tvocs was determined. As 

Binding of BAT mAbs to various cell types was 

u Tabic 2 below, BAT mAbs bind to K562, an erythroderma 

can be seen m Table 2 below, B ^ 
u nnd MCF7. a human mammary carcinoma u 

" H , «7b l Daudi and *e Jfeta. T cdl line. T*e extent of 

bi ndin g varied among * B * T ^ ^ wWl veiy low a£ f inil v. 

bound to the mouse renal catcmoma (MB28J . 

Only BAT-8 bound to MEL (murine ervthroleukem-a) cells, also ery 

low affinity. 

Table 2 

Binding of BAT mAbs to various cell types 



15 



20 



25 



30 




Binding was assayed by EL1SA and is expressed as: 

+ (0.1-0.2 OD) 
++ (0.2-0.3 OD) 
+++ (over 0.3 OD) 
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Example 2 



10 



A „ a . y sU - BAT * - 

binding protein 

, .... lhc molecular weight of the membrane 
t« nrrler to determine mc uw»^ 

-,h th B BAT-l mAbs, a membrane preparation of 
protein that interacts with the BAT mA . SDS _ PAGE . 

i,.ww,^rl and the protein was separated oy aw 
Dau di cells was seized ™ J ^ aKl bands 

Mrocellulose «-*« d «- rhlscradUh-pcroxUasc-co^^ 

lntl bod, ,0 a,i-mouse 1 8 G J a , - t bin<Jing prole;n was tOTnd ,o 
substrate. The molecular s.ze of the BAi 

be about 48-50 KDa (Fig. 4). b 

TT,e BAT mAb binding ptotein was pur.fied usmg " 

The BAT mA ^ ^ ^ prepmd by 

to mice results in the induction of BAT antibodies. 

in vivo to mice rcbuu* 



20 



Example 3 

Functional characteristic of BAT mAb9 



25 



30 



lionai v-u»" 

BAl-mAiainducedMl^^ .to6davsin.be 

, i ui ~r\ v/ere cultured for o oays m 

Human. periphera, blood e ls were ^ 

presence of increasing cohcen.rat.ons of a panel 

- T Tr aC- ™ , concen,ra,ons of BAT 

As seen m Fig. :>, a grauuai ritrvrwmiriine 

a , uut sionificant increase in [^Thymidine 
mAbS resulted in a modest but si e nifica 

^oration in the ^ ^ 

a decrease in uptake by the ^ ^ pBL. cells indicating that 

an Ubodies did not increase the [ H]Thy ^ ^ ^ 

the agonistic effect of the BAT mAbs P 

u ^ Ah nf the 1»G1 sotype, that was raiseu 
specific properties. For example, mAb of the i B 
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cells caused no increase in 
in our laboratory against ova.an ~ ^ , mAbs which .so 
^Thymidine uptake in contrast to BAT 1,2,3,6,/ 



10 



15 



belong to the IgGl class. 

• u «i Mrwl mononuclear cells incuoaxcu 

Cultures of human peripheral blood mouon 

• < time oeriods were tested for their ability to 
with BAT mAbs for various time periods, w 

lyse tumor cell lines. _ incu batcd for one 

As seen in Table 3 below, human PBM ecus incu 

i * pat mAbs were cytotoxic against K562, human 
week with a panel of BAT mAbs were c ? mK 

..- n „„ r i renal carcinoma cell nne ^ni^ 

erythroleukemia (NK sensitive) and RC 

t kinetics 0f ,he increase - cv^ic ac.ivi, - human PBM 
lhs , W ere — ed wi.h BAT mAhs *as ~ ^ 

maxima, cy.o.oxichy .owarcl human «*» carcnoma (HT-aO «• ™» 
carcinoma (RC-29) was auainec, after 7 .ay incuha.on of human PBM 



BAT mAbs. 
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Table 3 



BAT mAbs induce cytotoxicity In human PBM 




Percent lysis of target cells using effector: target ratio of 5:1 



c. Characterizat .on of lym phocyt e subpopulat i gn involved in , 3AT- 
induced cytp, oxjcjty. 

In order to assess whether the increase in cytotoxic activity of 
human PBM induced by BAT mAbs, is due to activation of NK cells, 
T cells or both, NK and T cells were purified and their cytotoxicity induced 
by BAT was determined. For purification of the NK and T cells Leul9 and 
anti CD3 monoclonal antibodies wtr? ~c«™*« *e human PBM cells, 
followed by incubation with anti-mouse IgG coated magnetic beads. This 
led to depletion of the subpopulations of cells which bind to the correspond- 
ing antibody. As can be seen in Table 4 below, the number of lytic units 
increased in both the CD3 depleted and Leul9 depleted cell cultures. BAT 
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i tw exoerimcnts and the targets were human 
6 and 8 were used in these experiment 

erythroderma (K562) and human lymphoma (Daudi). 

Table 4 

BAT inAbs induce cytotoxicity in 
human lymphocyte subpopulations 



10 



15 



20 



25 



30 



Control 



BAT 6 



BAT 8 




Example 4 , 
Synergic bet-en BAT m Ab and IL-2 in the induction of cyto.oxtcty 

Induction of cytotoxicity in human PBM was studied upon 
incubation of the PBM cells with BAT mAb in combination w,th TL-2. 
,L-2 a. suboptimal concentrations (lU/ml) was added together w,.h 
increasing concentrations of BAT-2 mAb. Cytotoxicity was tested after one 
week in culture against KS62 and HIM tumor cell lines. As shown m 
Tabic 5 below, low concentration of BAT-2 syncrgized with 1L-2 m the 
induction of cytotoxicity of the PBM cells against both kinds of targe, cells 

INF-o was previously shown to enhance .he expression of 
MHC-I class antigens. Therefore, administration of INF-a is .My to 
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potentiate the anti-tumor effect of BAT which is medial by cy.o,o*ic cells 
directed against various tumor cells (Bering MHC Cass I anttgens). 



Table 5 



10 



15 



20 



Synergistic effect of BAT-2 mAb and 1U l« the induction 
y of cytotoxicity in human PBL 





T 



5.8±0.1 



14.S±1.3 
16.7±0.6 



22.0±1.0 




7.5±0.3 



6.9±0.4 



37.6±2.0 



27.3sl.O 



15.U0.6 



29.6+1.6 



18.5±1.2 



12.5±0.4 



Example S 

15 immune stimulatory effects of BAT-1 mice: 

a {» vitm studies 

The mAb BAT-1 demonstrates stimulatory properties ,n murine 

splenocytes similar to those seen in human PBL. They include: 

(i) Increased splenocy.e pro.iferation in vUro as measured by 
30 3 HThymidine incorporation (Table 6); 

(ii) Synergistic stimulatory effect by incubation of splenocytes wtth a 
combination of BAT-1 and 1L-2 (Table 6); 
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Table 6 




rvm murine splenocytes incubated for 5 clays in vitro with 
C57BL murine spicnu y ~ AT , and m comb nation with 
various concentrations of BAT-l ana m 
intcrleukin-2 (lu and 10 u per ml). 

Increased cytotoxicity in murine splenocytes culture, in the presence 
of BAT-l and further increase in cytotoxicity upon incubation in the 
presence of 1L-2 (Table 7). 




Table 7 




Induction of cytotoxicity m ^J^'t-i concentrations 
days in vitro in the presence of various BA I 
and in combinations with low does IL-2. 

k ✓ B16 melanoma cells were used as a target. 
Effector to target cell ratio was 50:1 

« iu,t wpre susceptible to the killing 
Murine tumor target cells that were suscep 

effect by BAT-1 activated splenocytes included: B16 melanoma, Lewt 
effect oy o^* ■ ^ n cjrcm oma 

l„ng carcinoma (3LL). fibrosarcoma (MCA 10,), 

(MR 28) and lymphoma (YAC) (Table 8). 
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Table S 

BAT-1 Educed cytotoxicity in splenocytes 
against mouse tumor cells 

(In in vitro study) 



US' 



~<tj % - 1 



C57BL 



BALB/C 



cells 



B16 melanoma 

Lewis lung carcinoma (JLLJ 

Fib ro sarcoma (MCA 105) 



5.4 

11.2 
27.0 



Lymphoma (YAC) 
Renal cell carcinoma (MR28) 



8 

0.1 



13.6 
24.0 
45.0 

12.2 
5.2 



Splenocytes were cultured, in vitro for 5 days, in the 
absence of BAT-1 mAb (1 

Cytotoxicity was determined at an effector/target ratio of 
60:1. 



b. Tr studies 



>o studies . . 

As^eenVn Table 9 below, BAT-1 manifested immune-stimulato- 

„ effects upon administration in vivo. They included'. 

ry effects up incorporation in splenocyles from mice , 

(0 Stimulate of PHlThym ,ne mccrp 

yrr— c^---•«---- 
BAT-1 CTable 9B). BAT-1 administered at different doses 10 day, 
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10 



15 



20 



25 



pri0I ,o the cytotoxicity assay induced *^J^J%Z 

mi * F10>> cells : renal cell carcinoma (MR-28) cells ana 
m elanoma (B16-F10 upon adminis - 
lymphoma (YAC) cells. Maximal enec* 
tration of BAT at a dose of 10 ^g/mousc. 

Table 9 

Proliferation 

from mice injected with BAT mAD 



9.9 ± 1.5 
(n-16) 



BAT 
(jig/mo use) 

0 



B16 



MR-28 



YAC 



3.9 ± 1.4 1 16.0 ± 2.7 
(n=10) I (n=8) 



.3 ± 0.4 
(n=6) 



15.3 ± 2.3 
(n»12) 
p < 0.1 



13.2 ± 1.4 31.7 i 2.8 
(n=6) (n=8) 

p <O001 I p <Q-Q 1 



16.7 i 1.6 

(n=6) 
o <: 0.001 



20.0 ±4.0 

(n-14) 

p < 0.05 



10 



14.0 i 1.2 I 25.2 ± 2.1 

(n=6) . (n=8) 
p< 0.001 1 p<0.02 



19.0 ± 2.6 

(n=6) 
t> < 0.001 



30 



35 



different concentrations. iU ^ incd m isolatc d splcnocytes. 
^Thymidine «W^^SSd on B16 melanoma target 
Splcnocytes ^^^^e tested on-MR-29 and YAC cells 
cells and from BALB/c mice wer tained between 6-16 

(effector, target ration 50:1). ^Thymidine 
mice in 3-4 separate «penmente. ^xiaqr ^ ^ ^ ^ 
incorporation for: each n«iu» w" don^n i P u q£ ^ ^ 

*T « SKS^~ i control and the BAT 
treated animals are given. 
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Example 6 

Immunotherapeutic effect of BAT-1 against mouse tumors 

As seen in Table 10, administration of BAT-1 to melanoma- 
inoculated mice 14 days after inoculation of the tumor cells, reduced the 
number of lung metastases in lungs of mice bearing B16, 3LL and MCA 



tumors: 



al . BAT-1 abolish lung meta s tases in B16 melanoma-inoculated mice, 
n«in p an estnhlished lur p metastases model 

C57BL mice were injected (i.v.) with 50x10* B16 melanoma cells 
(Table 10). 24 days after injection numerous metastases developed in the 
lungs (practically reached confluence) as seen in Fig. 7, upper row. 

Against this, as seen in Fig. 7, lower row, lung of mice that were 
injected with BAT-1 (10 /^g/mouse) two weeks after inoculation with the 
B16 melanoma were practically free of metastases. 

Fig. 8 summarizes the results of six separate experiments done 

under similar conditions as above. 



Table 10 



Anti tumor effect of BAT mAB 
BAT-induced reduction in lung metastases 



10 



15 



20 







mm 










mm 








wmmmm 


No. of mets. c 






BAT treatment 1 * 






(n=24) d 


+ 

(n=27) 


(n=ll) 


+ 

(n=ll) 


(n=8) 


(n=9) 


None 


i ° 


25 


0 


6 


0 


4 


1-10 


0 


2 


0 


4 


0 


5 


11-50 


1 8 


0 


3 


1 




0 


>250 


16 


0 


S 


0 


3 


0 


Lung weight (gr) 


1 0.803* 
1 ±0.26 


0.315 
± 0.66 


1.014 
± 0.21 


0.364 
± 0.06 


0.836 
± 0.31 


0.328 
± 0.06 



25 



b 
c 

d 
e 



Tumor was inoculated at day 0 

BAT mAb (10 /fg/mouse) was injected i.v. at day fourteen 
Lung metastases were scored 24 clays post tumor inoculation 
using a Zeiss stereomicroscope 
Number of mice 

Mean ± SD of lungs weight from (n) mice 



a2. Anti-tumor effect of BAT-1 mAb injected at different times in 
30 relation to B16 tumo inoculation 

As seen in Table 11, mice given injections of the melanoma cells 
and treated 10-14 days later by BAT-1 mAb administration were found to 
be free of metastases and have normal lung weights. A marked decrease in 
35 the number of metastases in the lungs of the mice, although not complete, 
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was noticed 5 clays after tumor inoculation and as late as 19 days post- 
tumor administration. Injection of BAT-1 on the same day as inoculation 
of tumor cells had no thereapeutic effect. 

Table 11 



BAT administration at different time9 
in relation to B16 melanoma inoculation 





1 ■ .. I 

.^0?<ptiMie^ 






None 


10 


155.0±28 


0.892±0.19 


-6 


3 


61.0±0.8 


0.983±.01 


0 


7 


148.0±36 


0.425±0.05 


5 


4 


0.8±0.5 


0.243±0.07 


10 


4 


O.OiO.O 


0.240±0.08 


14 


7 


0.0±0.0 


0.286±0.03 


19 


4 


2.2+1.3 


0.33S±0.01 


23 


4 


75.4±44 


0.840±0.24 



1 Day of BAT mAb administration relative to tumor inoculation at 
day zero. 
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Experimental conditions were similar to those described for B16 
melanoma (see above) except that 2x10' 3LL cells were injected. Fig. 9, 
upper row, shows lungs from 3LL-inoculated mice with numerous 
metastases. Fig. 9, lower row shows lungs from mice that had been 
' inoculated with the tumor cells followed 14 days later by BAT-1 treatment 
which as seen, are almost free of metastasis. 

c Bj^Olabolis^^ 

Experimental conditions were similar to those described for the 
5 3LL Lewis lung carcinoma model. Fig. 10, upper row, shows lungs from 
MCA 105 inoculated mice with numerous metastases. Fig. 10, lower row 
shows lungs from mice that had been inoculated with the tumor followed by 
BAT-1 treatment which, as seen, are almost free of metastases. 

20 Example 7 

BAT-1 cures mice bearing B16 and 3LL tumors 

Mice inoculated with B16 melanoma cells or with 3LL cells as 
described above die within 25-35 days after tumor inoculation. Against 
this as seen in Fig. 11. all mice that were injected with BAT-1 (10 
25 Arouse) 14 days after tumor inoculation survived over 100 days. The 
majority of the animals which were followed up for 5 months showed no 
signs of illness and were free of metastasis upon pathological examination. 




t Available Copy 



- 31 - 



Example 8 

Adoptive transfer of splenocytes from mice treated with BAT-1 mAb 

Splenocytes from mice that had been treated with BAT-1 mAb 
alone or first given injections of B16 melanoma cells and then treated with 
BAT-1 mAb. were transferred into recipient mice. The recipient mice were 
inoculated either with B16 melanoma cells or with 3LL tumor cells. As 
seen in Table 12 below, adoptive transfer of splenocytes from the BAT-1 
mAb injected mice, induced tumor regression in the tumor bearing mice 
receiving the transferred splenocytes. The most effective treatment was 
obtained when 10' splenocytes of mice which were both inoculated with B16 
melanoma cells and 14 days later injected with BAT-1 were adoptively 
transferred to recipient tumor bearing mice. As seen in Table 12, in this 
case there was complete elimination of melanoma tumor cells in B16 tumor 
bear'in* recipients and pronounced tumor regression in 3 IX tumor bearing 
recipients, as presented in the number of metastases as well as in the lung 



weight. 
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These results indicated that splenocy tes alone from B16 inoculated 
and BAT-1 treated mice exhibited anti-tumor effect against both B16 and 
3LL tumors. Therefore, it seems that BAT-1 enhances non-specific cellular 
effector mechanisms. Furthermore, the presence of tumors potentiated the 
enhancement of BAT-1 induced generation of such effector cells. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

D BLURRED OR ILLEGIBLE TEXT OR DRAWING 
D SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



